(19) 




Euro pais ches Paten tamt 
European Patent Office 
Office europeen dee brevets 



iiiiiiiiiiiiiigiii 

EP 0 724 258 Bl 



(11) 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
25.09.2002 Bulletin 2002/39 

(21) Application number 96300568.1 

(22) Date of filing: 26.01.1996 



(51) lntci7: G11B 7/13, G02B 21/00, 
G01J 1/42, G11B 7/125, 
H01S 3/00 



(54) Optical feedback photodetecting apparatus 

Optische Ruckkopplungs-Photodetektorvorrichtung 
Dispositif photodetecteur a contre-reaction optique 



(84) Designated Contracting States: 
DE FR GB IT SE 

(30) Priority: 26.01.1995 JP 1101295 

(43) Date of publication of application: 
31.07.1996 Bulletin 1996/31 

(73) Proprietor H AM AM ATS U PHOTONICS K.K. 
Shizuoka-ken (JP) 

(72) Inventors: 

• Koishi, Musubu 
Hamamatsu-shi, Shizuoka-ken (JP) 

• Shirakawa, Kouichi 
Hamamatsu-shi, Shizuoka-ken (JP) 

« Takeshima, Akira 

Hamamatsu-shi, Shizuoka-ken (JP) 

(74) Representative: Whitten, George Alan et al 
R.G.C. Jenkins & Co., 

26 Caxton Street 
London SW1H 0RJ (GB) 



CD 

CO 

in 

CM 
CM 



Q. 
HI 



(56) References cited: 
US-A- 4 449 204 



US-A- 4 460 977 



PATENT ABSTRACTS OF JAPAN vol. 010, no. 
202 (P-477), 15 July 19B6 & JP-A-61 045414 (NEC 
CORP), 5 March 1986, 

PATENT ABSTRACTS OF JAPAN vol. 013, no. 
557 (P-974), 12 December 1989 & JP-A-01 232544 
(SONY CORP), 18 September 1989, 
PATENT ABSTRACTS OF JAPAN vol. 005, no. 
091 (E-061), 13 June 1981 & JP-A-56 036185 
(MITSUBISHI ELECTRIC CORP), 9 April 1981, 
PROCEEDINGS OF SPIE, vol. 490, 25 - 28 June 
1984, BRUSSELS, BELGIUM, pages 102-109, 
XP002018416 MITSUHASHI ET AL: 
"Self-coupled Optical Pickup (II) and its 
Application" 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art 
99(1) European Patent Convention). 



Printed by Jouva. 76001 PARIS (FR) 



1 



EP 0 724 258 B1 



2 



Description 

BACKGROUND OF THE INVENTION 

Field of the invention 5 

[0001] The present invention relates to an optical 
feedback photodetection apparatus for detecting a 
change in intensity of a light beam emitted from a light 
source, which change is caused due to a light beam re- 10 
turned from an object to be measured. 

Related background art 

[0002] US-A-4 460 977 (SHI MAD A JUNICHI ET AL) 15 
describes an optical memory playback apparatus con- 
structed so that a single longitudinal mode of laser beam 
is emitted from a self-coupling semiconductor laser el- 
ement and projected through an optical system onto an 
information recording medium. The laser beam is re- 20 
fleeted back to the semiconductor laser element. The 
reproduction of information from the information record- 
ing medium is effected by detecting the variation in the 
intensity of output of the semiconductor laser element 
which occurs in corrrfbrmity with the variation in the in- 25 
tensity of the reflected laser beam. 
[0003] When a light beam emitted from a laser reso- 
nator irradiates some substance, and part of the light 
beam is reflected by the substance and fed back to the 
laser resonator, a large change is caused in laser char- 30 
acteristics even if the relative feedback amount is very 
small. Such variations in characteristics caused due to 
the return light beam from the outside of the laser are 
particularly conspicuous for a semiconductor laser, re- 
sulting in large disadvantages including an increase in 35 
noise in various application fields. 
[0004] On the other hand, there is a technique called 
a laser feedback photodetection method positively us- 
ing the above-mentioned phenomenon, in which a light 
beam emitted from a semiconductor laser is irradiated *o 
on a predetermined object, and the intensity of the light 
beam reflected, scattered, or diffracted by the object is 
detected and measured. 

[0005] Unlike a technique for directly detecting the in- 
tensity of the light beam reflected or scattered by the 
object to be measured, the laser feedback photodetec- 
tion method requires none of an optical isolator for sup- 
pressing the return light beam to the semiconductor la- 
ser serving as a light source, a beam splitting means for 
guiding the light beam reflected or scattered by the ob- so 
ject to the photodetector, and a pinhole plate for pre- 
venting noise from being generated in the photodetec- 
tor. Therefore, the optical arrangement can be largely 
simplified. 

[0006] For this reason, this method has been regard- 55 
ed as a promising optical disk pickup technique which 
requires a very simple and compact optical system and 
studied {"Optics Communications Handbook" edited by 



Hisayoshi Yanai, published by Asakura Shoten, 1984, 
pp. 610 - 611 ; and Y. Witsuhashi, et at., Optics Commu- 
nications. April 1976, Vol. 17, pp. 95 - 97). 
[0007] In recent years, a study group in the Oxford 
University has reported that an excellent result can be 
obtained by applying the laser feedback photodetection 
method to a confocal laser scanning microscope (R. 
Juskaitis, et al.. Optics Communications, 109 (1 994) pp. 
167 - 177; and R. Juskaitis. et al., Optics Letters. July 
1993, Vol. 18, No. 14, pp. 1135-1137). 

SUMMARY OF THE INVENTION 

[0008] The inventors have studied the foregoing prior 
art and found the following problems. 
[0009] In the laser feedback photodetection method 
as described above, however, the end face reflectivity 
of a semiconductor laser is generally as small as about 
0.3, and the cavity length is also as small as several 
hundreds 11m, i.e., much smaller than those of other la- 
sers. For this reason, the semiconductor laser tends to 
be largely influenced by even a small return light beam, 
resulting in an increase in noise. In the specification, the 
return light beam means a light beam reflected or scat- 
tered by the object to be measured, and means a light 
beams to be fed back to the semiconductor laser as a 
light source. 

[001 0] There are two patterns for an increase in noise 
due to the return light beam: (T) since the spectrum of 
emission light changes due the return light beam, the 
substantial quantum noise of the semiconductor laser 
increases within a specific frequency band, and © 
since laser oscillation becomes unstable due to the re- 
turn light beam, the noise increases throughout the low- 
frequency band at several hundreds MHz or less. Noise 
in the former case mainly poses a problem in optical 
communication. However, to detect a return light beam 
with a large change in light amount, noise in the latter 
case must be reduced. 

[0011] For example, when the laser feedback photo- 
detection method is applied to the optical disk pickup 
technique, this noise poses a serious problem. More 
specifically, interference noise due to a change In optical 
path length is generated in single mode transmission 
while mode switching noise is generated in multimode 
transmission, resulting in a large difficulty for practice. 
To reduce the noise generated when laser oscillation be- 
comes unstable due to the return light beam, various 
countermeasures against noise have been examined 
including a technique for stabilizing the single mode and 
a technique for realizing a multimode free from mode 
switching noise. However, any of these techniques can 
only decrease the noise level to about 0.1% to 1%, 
though the noise level differs depending on the opera- 
tion conditions of the semiconductor laser. To measure 
a return light beam within a wide range of about 100% 
to 0.01 %, noise reduction is Insufficient to use the laser 
feedback photodetection method. Therefore, no pickup 
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technique using the laser feedback phatadetection 
method has succeeded and put Into practice yet. 
[0012] When the laser feedback photodetection 
method is applied to the confocal laser scanning micro- 
scope, a confocal optical system can be very easily 5 
formed by using the microscope as a condenser optical 
system. This is because the light emission point and the 
light reception point are at the same position because 
of the principle of the laser feedback photodetection 
method. In this case, although the substantial charac- 
teristic features of the laser feedback photodetection 
method are utilized, no new countermeasure against 
noise is examined, so the problem of noise remains un- 
solved. 

[0013] To reduce noise in the laser feedback photo- 
detection method, another technique can also be used 
in which the semiconductor laser is modulated at a pre- 
determined frequency, and the return light beam is re- 
ceived by a photadetector such as a photodiode and de- 
tected by a synchronous detection means such as a 
lock-in amplifier, thereby improving the S/N ratio. How- 
ever, since the lock-in frequency of a lock-in amplifier is 
limited up to 100 kHz, high-speed response cannot be 
expected. In addition, the apparatus becomes complex 
and expensive, so it cannot be practically used for the 
optical disk pickup technique. 

[0014] An optical feedback photodetection apparatus 
of the present invention achieves high-speed response 
while minimizing noise to obtain a high S/N ratio and a 
wide dynamic range. 

[0015] Thus claim 1 defines a first aspect of the 
present invention, providing an optical feedback photo- 
detection apparatus. 

[0016] Claim 10 defines a second aspect of the 
present invention, providing a method of measuring a 
characteristic or attribute of an object, in which method 
light emitted from a laser and reflected from an object is 
caused to be incident on the laser, and consequent 
changes in the lasing of the laser (120) are detected to 
enable a characteristic or attribute of the object to be 
determined. 

[001 7] An optical feedback photodetection apparatus 
according to the first aspect of the present invention de- 
tects a signal component of the light beam emitted from 
the light source, the signal component being generated 
due to the return light beam from the object to be meas- 
ured, and comprises (a) an oscillator for oscillating a 
synchronizing signal at a predetermined frequency, (b) 
a drive signal output unit for outputting a drive signal 
modulated at the predetermined frequency on the basis 
of the synchronizing signal output from the oscillator, (c) 
a light source which receives the drive signal output from 
the drive signal output unit to emit a light beam intensity- 
modulated at the predetermined frequency and which 
has an optical amplification function by the fed back light 
beam, (d) an optical system for irradiating the light beam 
emitted from the light source on an object to be meas- 
ured and for feeding back the light beam returned from 



the object to the light source, (e) a voltage application 
unit for outputting an AC voltage signal at the predeter- 
mined frequency on the basis of the synchronizing sig- 
nal outputfrom the oscillator, (f) a photoconductive light- 
receiving device for receiving the light beam emitted 
from the light source and for synchronously detecting 
the light beam emitted from the light source at the pre- 
determined frequency upon application of the AC volt- 
age signal output from the voltage application unit, (g) 
a current/voltage conversion unit for converting a mod- 
ulated current flowing through the photoconductive 
light-receiving device to a voltage signal and for output- 
ting the voltage signal, and (h) a frequency filter unit for 
extracting and outputting a low-frequency component of 
the voltage signal output from the current/voltage con- 
version unit 

[0018] It is preferable that the apparatus of the 
present invention further comprises a phase adjustment 
unit for adjusting the modulation phase of the drive sig- 
nal input to the light source and the modulation phase 
of the AC voltage signal applied to the photoconductive 
light-receiving device. 

[0019] The apparatus of the present invention prefer- 
ably comprises a bias regulation unit for regulating the 
operating bias voltage of the photoconductive light-re- 
ceiving device. 

[0020] In the optical feedback photodetection appara- 
tus of the invention, the light source is preferably con- 
stituted by one of a semiconductor laser and a super 
luminescent diode. The semiconductor laser is prefera- 
bly operated by a drive current within a range smaller 
than the threshold current value of the semiconductor 
laser. 

[0021] In particular, a photoconductive current flowing 
through the photoconductive light-receiving device pref- 
erably exhibits a substantial odd function of an applied 
voltage within a predetermined domain including an ap- 
plied voltage value of 0 V when the intensity of the re- 
ceived light beam is constant and the applied voltage is 
an independent variable. Additionally, the photoconduc- 
tive current flowing through the photoconductive light- 
receiving device preferably exhibits a substantial linear 
function of the intensity of the received light beam within 
a predetermined domain of the intensity of the received 
light beam when the applied voltage is constant and the 
intensity of the received light beam is an independent 
variable. Furthermore, the voltage signal applied to the 
photoconductive light-receiving device is preferably pe- 
riodical and has a time average value of substantial zero 
so that an amplitude exhibits a substantial even function 
of time when an origin is set at a middle point between 
adjacent times where the amplitude becomes zero. It is 
practical that the photoconductive light-receiving device 
is a metal-semiconductor-metal (to be abbreviated as 
an "MSIvT hereinafter) photo detector. It Is preferable 
that the photoconductive light-receiving device use a 
photodetector using one of GaAs, InP, GaP, InGaAs, 
HgCdTe, PbS, PbSe, CdS. or CdSe as a photosensitive 
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substance. 

[0022] In the optical feedback photodetection appara- 
tus of the present invention, the oscillator oscillates a 
synchronizing signal at a predetermined frequency and 
outputs the synchronizing signal to the drive signal out- 
put unit and the voltage application unit. Forthis reason, 
the drive signal modulated at the predetermined fre- 
quency is applied to the light source through the drive 
signal output unit white the AC voltage signal modulated 
at the predetermined frequency is applied to the photo- 
conductive light-receiving device through the voltage 
application uniL 

[0023] Therefore, the light source emits a light beam 
intensity-modulated at the predetermined frequency to 
irradiate the object to be measured through the optical 
system on the basis of the modulated drive signal from 
the drive signal output unit. This irradiated light beam is 
reflected or scattered by the object to be measured and 
fed back to the light source through the optical system. 
Since the light source has an optical amplification func- 
tion by an external incident light beam, the intensity of 
the light beam emitted from the light source varies due 
to the return light beam fed back from the object 
[0024] The light beam emitted from the light source 
and having an intensity varying due to the return light 
beam fed back from the object to be measured is re- 
ceived by the photoconductive light-receiving device. At 
this time, since the modulated voltage signal from the 
voltage application unit is applied to the photoconduc- 
tive light-receiving device, the light beam emitted from 
the light source is synchronously detected by the pho- 
toconductive light-receiving device at the predeter- 
mined frequency. As a result, the photoconductive cur- 
rent flawing through the photoconductive light-receiving 
device becomes a modulated current signal including a 
low-frequency component having a value correspond- 
ing to the product value of the modulation frequency 
component of the light beam emitted from the light 
source and the modulation frequency component of the 
modulated voltage signal. The low frequency means a 
frequency lower than the intensity modulation frequency 
of the return light beam and also includes a much higher 
frequency (e.g., 1 MHz) in actual operation. 
[0025] The modulated current signal flowing through 
the photoconductive light-receiving device is converted 
to a voltage signal by the current/voltage conversion 
unit Subsequently, only the low-frequency component 
of the voltage signal is extracted by the frequency filter 
unit and output as an output signal from the optical feed- 
back photodetection apparatus. 

[0026] That is, in the optical feedback photodetection 
apparatus of the present invention, all processing of a 
signal at a high frequency is performed by the photo- 
conductive light-receiving device, and only a signal in a 
high frequency band to be electrically easily processed 
is subjected to electrical amplification or the like, thereby 
performing measurement. 

[0027] As a voltage signal applied to the photocon- 



ductive light-receiving device, a periodical voltage sig- 
nal having a time average value of substantial zero and 
an amplitude exhibiting a substantial even function of 
time when an origin is set at a middle point between ad- 
s jacent times where the amplitude becomes zero is se- 
lected. With this arrangement, the DC component of 
background light is removed, and at the same time, the 
AC background light other than the frequency of the 
modulated voltage signal is attenuated, thereby per- 
10 forming measurement 

[0028] The present invention will become more fully 
understood from the detailed description given herein- 
below and the accompanying drawings which are given 
by way of illustration only, and thus are not to be con- 
is sidered as limiting the present invention. 

[0029] Further scape of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion given hereinafter. However, it should be understood 
that the detailed description and specific examples, 
20 while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various 
changes and modifications within the scope of the in- 
vention will become apparent to those skilled in the art 
from this detailed description. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

30 Fig. 1 is a block diagram showing the arrangement 
of an optical feedback photodetection apparatus 
according to the first embodiment of the apparatus 
of the present invention; 

Figs. 2 to 4 show the characteristics of a photocon- 
35 ductive light-receiving device to be applied to the 
apparatus of the present invention; 
Fig. 5 is a block diagram showing the first arrange- 
ment of the circuits of the main part of the apparatus 
according to the first embodiment of Fig. 1 ; 
^0 Fig. 6 is a block diagram showing the second ar- 
rangement of the circuits of the main part of the ap- 
paratus according to the first embodiment of Fig. 1 ; 
Fig. 7 is a block diagram showing the third arrange- 
ment of the circuits of the main part of the apparatus 
45 according to the first embodiment of Fig. 1 ; 

Fig. 6 shows a structure of the MSM photodetector 
as the photoconductive light-receiving device 
shown in Figs. 5 to 7. 

Figs. 9 to 11 show the relationship between the sen- 
50 sitivity of the apparatus of the first embodiment and 
an object distance L, particularly Fig. 9 is a block 
diagram schematically showing the basic arrange- 
ment of the apparatus of Fig. 1 ; 
Figs. 12 and 13 show the structure of an SLD (super 
55 luminescent diode); 

Fig. 14 is a graph far explaining the emission spec- 
trum characteristics of the SLD shown in Figs. 12 
and 13; 
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Figs. 15 to 17 show the structures of various SLDs; 
Fig. 1 8 is a block diagram showing the arrangement 
of an optical feedback photodetection apparatus 
according to the second embodiment of the present 
invention; and 

Fig. 1 9 is a block diagram showing the arrangement 
of an optical feedback photodetection apparatus 
according to the third embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] Embodiments of the present invention will be 
described below with reference to the accompanying 
drawings. The same reference numerals denote the 
same elements throughout the drawings, and a detailed 
description thereof will be omitted. 

First Embodiment 

[0032] Fig. 1 is a block diagram showing the arrange- 
ment of an optical feedback photodetection apparatus 
according to the first embodiment of the present inven- 
tion. The apparatus of this embodiment is suitable for 
an optical pickup apparatus used for read access to, e. 
g., an optical disk. 

[0033] As shown in Fig. 1, the apparatus of this em- 
bodiment comprises (a) an oscillator 100 for oscillating 
a synchronizing signal at a predetermined frequency f 0 , 
(b) a drive signal output circuit 110 for outputting a drive 
signal modulated at the frequency f 0 on the basis of the 
synchronizing signal output from the oscillator 100, (c) 
a semiconductor laser 120 which receives the modulat- 
ed drive signal output from the drive signal output circuit 
110 and emits a light beam intensity-modulated at the 
frequency f 0 and also serves as a light source having an 
optical amplification function by an external incident light 
beam, (d) an optical system 140 which irradiates the 
light beam emitted from the semiconductor laser 120 on 
an object 130 to be measured and feeds back the light 
beam returned from the object 1 30 to the semiconductor 
laser 120, (e) a voltage application unit 150 for output- 
ting a modulated voltage signal at the frequency f 0 on 
the basis of the synchronizing signal output from the os- 
cillator 100, (f) a photoconductive light-receiving device 
160 which is arranged afterthe semiconductor laser 120 
to receive backward emission light from the semicon- 
ductor laser 120 and synchronously detects the light 
beam emitted from the semiconductor laser 120 at the 
frequency f 0 upon application of the modulated voltage 
signal output from the voltage application unit 150, (g) 
a current/voltage conversion unit 170 for converting a 
modulated current signal flowing through the photocon- 
ductive light-receiving device 160 toa voltage signal and 
outputting the voltage signal, (h) a frequency filter unit 
180 for extracting and outputting the tow-frequency 
component of the voltage signal output from the current/ 



voltage conversion unit 170. The apparatus of this em- 
bodiment further comprises (i) a phase adjustment cir- 
cuit 190 arranged between the oscillator 100 and the 
voltage application unit 150 to adjust the modulation 

5 phase of the drive signal input to the semiconductor la- 
ser 1 20 and the modulation phase of the AC voltage sig- 
nal applied to the photoconductive light-receiving device 
160, and (j) a bias regulation unit 200 connected to the 
photoconductive light-receiving device 160 to regulate 

10 the operating bias voltage of the photoconductive light- 
receiving device 160. 

[0034] The photoconductive light-receiving device 
160 has characteristics representing that a photocon- 
ductive current I flowing through the photoconductive 

15 light-receiving device 160 exhibits a substantial odd 
function of an applied voltage Vina predetermined do- 
main of an applied voltage value including 0 V when the 
received light intensity is constant, and the applied volt- 
age V is an independent variable. Figs. 2 to 4 are graphs 

20 showing the V - I characteristics obtained when the re- 
ceived light intensity of the photoconductive light-receiv- 
ing device 160 applicable to the optical feedback pho- 
todetector of the present invention is constant. The pho- 
toconductive light-receiving device 160 exhibits a sym- 

25 metrical response with respect to the polarities of the 
applied voltage V because of its principle and structure. 
The polarity of the photoconductive current I changes in 
accordance with that of the applied voltage V. 
[0035] When these characteristics are utilized, gain 

30 modulation of the photoconductive current I generated 
upon reception of the backward emission light from the 
semiconductor laser 120 with the applied voltage V can 
be performed. If the modulation characteristics are al- 
most linear, the product of the received emission light 

35 signal from the semiconductor laser 120 and the applied 
modulated voltage signal can be calculated within the 
range of the response frequency of the photoconductive 
light-receiving device 160, and synchronous detection 
of an optical phenomenon can be performed by the pho- 

40 toconductive light-receiving device 160 itself. 

[0036] The circuit arrangement of the main part of the 
apparatus according to this embodiment will be de- 
scribed below with reference to Figs. 5 to 7. 
[0037] Figs. 5 to 7 are circuit diagrams showing the 

45 details of the voltage application unit 150, the photocon- 
ductive light-receiving device 160, the current/voltage 
conversion unit 170, the frequency filter unit 180, and 
the bias regulation unit 200, and connection therebe- 
tween. 

so [0038] As shown in Fig. 5, the voltage application unit 
150 is constituted by a voltage application circuit 151 
having connecting capacitors C1 and C2 for applying a 
voltage signal corresponding to the AC component of a 
voltage signal to the photoconductive light-receiving de- 

55 vice 160. 

[0039] As the photoconductive light-receiving device 
160, an MSM photodetector 161 having a metal-seml- 
conductor-metal junction structure is used. Choke coils 
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L1 and L2 for passing the low-frequency component of 
a photocument generated in the MSM phatodetector 161 
are connected to the MSM photodetector 161 . The MSM 
photodetector 161 is suitable for high-speed modulation 
because an MSM photodetector having a response fre- 
quency of 100 GHz or more can be easily obtained. In 
addition, since the dark current is small, noise is small 
accordingly. Fig. 8 shows a structure of MSM phtode- 
tector 161. In Fig. 6, reference numeral 161a denotes a 
semiconductor substrate; 161b and 161c, insulating 
films; 161d and 161e, Schottky electrodes. For exam- 
ple, the MSM photodetector 161 is described in Japa- 
nese Patent Application Laid-open No. 3-11670. As a 
semiconductor material as a photosensitive substance 
of the semiconductor substrate 161a, a Group 111 - V 
semiconductor such as GaAs, InP, or GaP is suitable 
when the emission light from the semiconductor laser 
120 falls within the visible to near-infrared range. How- 
ever, for application in a long wavelength range used for 
optical communication, a mixed-crystal compound sem- 
iconductor such as InGaAs or HgCdTe is suitable. Al- 
though the response frequency is limited, PbS, PbSe, 
CdS, CdSe, or the like can also be used. 
[0040] The current/voltage conversion unit 1 70 is con- 
stituted by an operational amplifier A1 and a resistorRI . 
An input modulated current signal is converted to a volt- 
age by the resistor R1 and output as a voltage signal. 
[0041] The frequency filter unit 180 is constituted by 
an operational amplifier A2, a resistor R2, and a capac- 
itor C4. The voltage signal output from the current/volt- 
age conversion unit 170 is integrated in accordance with 
a time constant determined by the product of the capac- 
itance value of the capacitor C4 and the resistance value 
of the resistor R2 to execute calculation of a time aver- 
age value. With this operation, a voltage signal in a de- 
sired frequency band is output. 
[0042] The bias regulation unit 200 is constituted by 
a variable resistor VR1 for adjusting the bias voltage val- 
ue, and series-connected DC power supplies E1 and E2 
connected to the terminals of the variable resistor VR1. 
The connecting point between the DC power supply E1 
and the DC power supply E2 is set at the ground poten- 
tial, thereby adjusting the bias voltage value to the pho- 
toconductive light-receiving device 160. 
[0043] By changing the voltage signal application 
method in the circuit arrangement shown in Fig. 5, a cir- 
cuit arrangement employing a voltage application circuit 
152 in Fig. 6 or a voltage application circuit 153 shown 
in Fig. 7 in place of the voltage application circuit 151 
may also be used. 

[0044] In addition, a circuit arrangement employing a 
filter unit 210 shown in Fig. 6 or 7, which is formed by 
integrating the current/voltage conversion unit 170 and 
the frequency filter unit 180 shown in Fig. 5, may also 
be used. A frequency component higher than a desired 
frequency band is removed by the filter unit 210. 
[0045] More specifically, this filter unit 210 is consti- 
tuted by an operational amplifier A3, a resistor R3, and 



a capacitorCS. An input modulated current signal is con- 
verted to a voltage by the resistor R3 and integrated in 
accordance with a time constant determined by the 
product of the capacitance value of the capacitor C5 and 
5 the resistance value of the resistor R3 to execute calcu- 
lation of a time average value. With this operation, a fre- 
quency component higher than a desired frequency 
band is removed. 

[0046] The operation of the apparatus of this embod- 

10 iment will be described below. 

[0047] The oscillator 1 00 oscillates a synchronizing 
signal at the frequency f 0 of, e.g., about 10 MHz and 
outputs the synchronizing signal to the drive signal out- 
put circuit 110 and the voltage application unit 150. On 

15 the basis of the synchronizing signal output from the os- 
cillator 100, the drive signal output circuit 110 outputs a 
drive current modulated at the frequency f 0 to the sem- 
iconductor laser 120 serving as a light source while the 
voltage application unit 150 outputs a voltage signal 

20 modulated at the frequency f 0 to the photoconductive 
light-receiving device 160. 

[0048] The phase adjustment circuit 190 disposed be- 
tween the oscillator 100 and the voltage application unit 
150 delays the synchronizing signal output from the os- 

25 dilator 100 to the voltage application unit 150, thereby 
adjusting the modulation phase of the drive signal input 
to the semiconductor laser 120 and the modulation 
phase of the AC voltage signal applied to the photocon- 
ductive light-receiving device 160. 

30 [0049] The semiconductor laser 120 emits a light 
beam intensity-modulated at the frequency f 0 on the ba- 
sis of the modulated drive signal from the drive signal 
output circuit 110 to irradiate the object 130 such as an 
optical disk through the optical system 140 constituted 

35 by a lens and the like. The irradiation light beam is re- 
flected, scattered, or diffracted by the object 130, and 
part of the light beam is condensed by the optical system 
140 and fed back to the semiconductor laser 120. Since 
the semiconductor laser 1 20 has an optical amplification 

*o function by an external incident light beam, the intensity 
of the emission light from the semiconductor laser 120 
varies due to the return light beam fed back from the 
object 130. 

[0050] The drive signal output from the drive signal 
45 output circuit 110 to the semiconductor laser 120, i.e., 
the drive current is preferably set at a forward current 
value slightly smaller than a threshold current value Ith 
of the semiconductor laser 120. Under this drive condi- 
tion, the semiconductor laser 120 performs multimode 
50 oscillation wherein a spontaneous emission light com- 
ponent is mainly emitted. An operative state not to ex- 
cessively emphasize a specific mode is maintained so 
that noise generated due to the return light beam is min- 
imized. 

55 [0051] The photoconductive light-receiving device 
160 arranged after the semiconductor laser 120 re- 
ceives backward emission light emitted from the semi- 
conductor laser 120 and having an intensity varying due 
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to the return light beam from the target measurement 
object 130. At the same time, the voltage signal output 
from the voltage application unit 150 is applied to the 
photoconductive light-receiving device 160. The voltage 
signal applied to the photoconductive light-receiving de- 
vice 160 through the voltage application unit 150 is a 
symmetrical positive/negative AC voltage signal modu- 
lated at the frequency f 0 . The amplitude is, e.g., ±0.3 to 
20 V, and the time average value is almost 0 V. 
[0052] The photoconductive light-receiving device 
160 performs intensity modulation of a photoconductive 
current gene rated upon reception of the backward emis- 
sion light from the semiconductor laser 120 with the ap- 
plied voltage, calculates the product of the received 
emission light signal from the semiconductor laser 120 
and the applied modulated voltage signal, and synchro- 
nously detects the backward emission light from the 
semiconductor laser 120 at the frequency f 0 . When the 
emission light from the semiconductor laser 120 is syn- 
chronously detected by the photoconductive light-re- 
ceiving device 160, the photoconductive current flowing 
through the photoconductive light-receiving device 160 
becomes a modulated current signal including a low-fre- 
quency component having a value corresponding to the 
product value of the modulation frequency component 
of the emission light from the light source and the mod- 
ulation frequency component of the modulated voltage 
signal. Simultaneously, the frequency component other 
than the synchronous detection frequency f 0 is attenu- 
ated. 

[0053] The current/voltage conversion unit 170 con- 
verts the modulated current signal flowing through the 
photoconductive light-receiving device 160 to a voltage 
signal and outputs the voltage signal to the frequency 
filter unit 180. The frequency filter unit 180 extracts the 
low-frequency component of the voltage signal and out- 
puts the low-frequency component as an output signal 
from the apparatus of this embodiment. 
[0054] At this time, the bias regulation unit 200 con- 
nected to the photoconductive light-receiving device 
160 regulates the operating bias voltage of the photo- 
conductive light-receiving device 160, thereby compen- 
sating the input offset voltage of the current/voltage con- 
version unit 170, which is caused by a slight unbalance 
in operation of the photoconductive light-receiving de- 
vice 160. A DC signal component generated by the dark 
current of the photoconductive light-receiving device 
160 or the bias light or the disturbance light from the 
semiconductor laser 120 is flattened by the current/volt- 
age conversion unit 170 and the frequency filter unit 
180, and its average value becomes zero. Therefore, 
no DC signal component is output from the frequency 
filter unit 180. 

[0055] As described above, in the apparatus of this 
embodiment, the backward emission light emitted from 
the semiconductor laser 120 and having an intensity 
varying due to the returned light beam from the object 
130 is synchronously detected by the photoconductive 



light-receiving device 160. With this operation, the fre- 
quency component other than the synchronous detec- 
tion frequency f 0 is attenuated. At the same time, the 
DC signal component generated by the dark current of 

5 the photoconductive light-receiving device 160 or the bi- 
as light or the disturbance light from the semiconductor 
laser 120 is flattened by the current/voltage conversion 
unit 170 and the frequency filter unit 180, and its average 
value becomes zero. For this reason, noise in the low- 

10 frequency band or noise due to the disturbance light, 
which is generated in the semiconductor laser 120, can 
be largely reduced, and only the signal component gen- 
erated due to the return light beam from the object 130 
can be detected at a high S/N ratio. 

15 [00561 When the MSM photad elector 161 capable of 
achieving high-speed response is used as the photo- 
conductive light-receiving device 160, high-speed mod- 
ulation can be performed. Therefore, high-frequency re- 
sponse can be realized. 

20 [0057] The above description has been made on the 
assumption that the time delay of the return light beam 
fed back from the object 130 to the semiconductor laser 
120, i.e., the phase delay with respect to the modulation 
phase of the semiconductor laser 120, I.e. , the modula- 

25 tion phase of the photoconductive light- receiving device 
160 is negligible. More specifically, the phase difference 
is assumed to be within ±90°. Therefore, if the modula- 
tion frequency is high, and the object distance between 
the emission end face of the semiconductor laser 120 

30 and the object 130 is large, the time delay of the return 
light beam, i.e., the phase delay cannot be neglected, 
so the feedback effect of the semiconductor laser 120 
cannot be effectively utilized. For example, if the phase 
shifts to result in a phase difference of 180°, the sensl- 
tjvity of the apparatus becomes zero or minimum. 
[0058] Assuming that the phase delay of the return 
light beam cannot be neglected, the relationship be- 
tween the abject distance and the sensitivity of the ap- 
paratus will be described below with reference to Figs. 

40 9 to 11. 

[0059] Fig. 9 is a block diagram schematically show- 
ing the arrangement of the apparatus. Fig. 1 0 is a graph 
showing the relationship between an object distance L 
from the emission end face of the semiconductor laser 
^5 to the object to be measured and the sensitivity of the 
apparatus, which is observed when the emission light 
signal emitted from the semiconductor laser and modu- 
lated at the frequency f 0 is a sine wave signal. 
[0060] Fig. 11 is a graph showing the relationship be- 
so tween the object distance L from the emission end face 
of the semiconductor laser to the object and the sensi- 
tivity of the apparatus, which is observed when the emis- 
sion light signal emitted from the semiconductor laser 
and modulated at the frequency f 0 is a rectangular wave 
55 signal. 

[0061] As shown in Fig. 9, this apparatus Is basically 
the same as that of the first embodiment shown in Fig. 
1 . More specifically, this apparatus comprises the oscil- 
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lator (not shown in Fig. 9) for oscillating a synchronizing 
signal at the predetermined frequency f 0 , the drive sig- 
nal output circuit 110 for outputting a drive signal mod- 
ulated at the frequency f 0 , on the basis of the synchro- 
nizing signal output from the oscillator, the semiconduc- 
tor laser 120 which receives the modulated drive signal 
output from the drive signal output circuit 110 to emit a 
light beam intensity-modulated at the frequency f 0 and 
also serves as a light source having an optical amplifi- 
cation function by an external incident light beam, an 
optical system 141 for irradiating the light beam emitted 
from the semiconductor laser 120 on the abject 130 and 
feeding back the light beam returned from the target 
measurement object 130 to the semiconductor laser 
120, the voltage application unit {not shown in Fig. 9) for 
outputting a modulated voltage signal at the frequency 
f 0 on the basis of the synchronizing signal output from 
the oscillator, the photoconductive light-receiving device 
160 which is arranged after the semiconductor laser 120 
to receive the backward emission light from the semi- 
conductor laser 120, and synchronously detects the 
light beam emitted from the semiconductor laser 120 at 
the frequency f 0 upon application of the modulated volt- 
age signal output from the voltage application unit, the 
current/voltage conversion unit (not shown in Fig. 9) far 
converting the modulated current signal flowing through 
the photoconductive light-receiving device 160 to a volt- 
age signal and outputting the voltage signal, and the fre- 
quency filter unit (not shown in Fig. 9) for extracting and 
outputting the low-frequency component of the voltage 
signal output from the current/voltage conversion unit. 
[0062] In this apparatus, however, the forward emis- 
sion light from the semiconductor laser 120 is almost 
col limated through the optical system 141 . This collimat- 
ed light beam is irradiated on the object 130 set at a 
position separated from the emission end face of the 
semiconductor laser 120 by the object distance L. 
[0063] As shown in Figs. 1 0 and 11 , independently of 
theemission light signal emitted from the semiconductor 
laser 120 and modulated at the frequency f 0 , i.e., either 
a sine wave signal or a rectangular wave signal, when 
the object distance L from the emission end face of the 
semiconductor laser 120 to the object 130 is an integer 
multiple of C/2f 0 , the sensitivity of the apparatus is max- 
imized, where C is the velocity of light. 
[0064] Therefore, when the phase delay of the return 
light beam cannot be neglected, the modulation fre- 
quency f 0 is preferably set to satisfy or almost satisfy the 
following condition: 

f 0 = NC/2L 

where 

N: positive integer 
For example, when the object distance L is 15 cm, the 
modulation frequency f 0 is preferably set to almost an 
integer multiple of 1 GHz to maximize the sensitivity of 



the apparatus. 

[0065] inversely, when the relationship between the 
modulation frequency f 0 and the object distance L is uti- 
lized to adjust the object distance L, the measurement 

5 area can be limited. For example, at the modulation fre- 
quency f 0 of 1 GHz, the sensitivity of the apparatus is 
maximized when the object distance L is an integer mul- 
tiple of 15 cm. Therefore, by arranging the apparatus 
such that the object 130 is exactly set in this area, the 

10 influence of an obstacle present outside this area can 
be minimized, and the signal component generated due 
to the return light beam from the target measurement 
object 130 can be detected at a high S/N ratio. 
[0066] In this embodiment, the semiconductor laser 

15 120 is used as a light source. However, the light source 
is not limited to the semiconductor laser as far as the 
light source can modulate the intensity of an emission 
light beam at a predetermined frequency in accordance 
with an external signal and has an optical amplification 

20 function by an external light beam. A super luminescent 
diode (to be abbreviated as an "SLD" hereinafter) hav- 
ing a similar structure as that of the semiconductor laser 
may also be used as a light source. For example, SLD 
L3302 (output power: 1.5 mW, peak luminescent 

25 wavelength : 850 nm, spectrum half bandwidth : 10 nm, 
coherence length : 40-50um) is presented by HAMA- 
MATSU PHOTONICS K.K. 

[0067] An SLD will be described below with reference 
to Figs. 12 to 17. 

30 [0068] Figs. 12 and 13 show the typical structure of 
an SLD, in which Fig. 12 is a sectional view showing a 
section perpendicular to the cavity direction of the SLD, 
and Fig. 13 is a perspective view of the SLD. Fig. 14 is 
a graph showing the emission spectrum of the SLD. 

35 Figs. 15 to 17 are views showing structures for decreas- 
ing the reflectivity on the light emission side of the SLD. 
[0069] As shown in Fig. 12, the SLD comprises a first 
electrode 300, a cap layer 310 formed on the first elec- 
trode 300, a first cladding layer 320 formed on the cap 
layer 310, an active layer 330 formed on the first clad- 
ding layer 320 and having a band gap smaller than that 
of the first cladding layer 320, a second cladding layer 
340 formed as a stripe ridge on the active layer 330 and 
having a band gap larger than that of the active layer 

45 330, a current block layer 350 formed on the side sur- 
faces of the stripe ridge and the bottom surface of the 
second cladding layer 340, a GaAs buffer layer 360 
formed on the upper surface of the stripe ridge of the 
second cladding layer 340 and on the current block layer 

so 350, a GaAs substrate 370 formed on the GaAs buffer 
layer 360, and a second electrode 380 formed on the 
GaAs substrate 370. 

[0070] A double heterostructure is formed so that the 
active layer 330 is sandwiched between the first and 
55 second cladding layers 320 and 340. The two side por- 
tions of the stripe ridge of the second cladding layer 340 
are buried with the current block layer 350, thereby form- 
ing an index waveguide structure. 
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[0D71] As shown in Fig. 13, the cavity length of the 
SLD is, e.g., 250 pjn. One end face (front surface) Is 
coated with an anti reflection film 390, and the other end 
face (rear surface) is coated with a reflecting film 400 
having a reflectivity of, e.g., about 50%. The direction of 
an optical waveguide indicated by a thick broken line is 
inclined by an angle of, e.g., about 3° with respect to the 
cavity direction indicated by a chain line. Therefore, a 
so-called oblique optical waveguide structure is formed. 
[0072] The SLD is a light-emitting device basically 
having the same electrode structure as that of a semi- 
conductor laser. However, the SLD differs from the sem- 
iconductor laser in that the front light emission end face 
is coated with the antireflection film 390, and the oblique 
optical waveguide structure is employed to prevent the 
light beam reflected by the light emission end face from 
being fed back to the optical waveguide. Because of 
these characteristic features of the SLD, the laser func- 
tion of the element by resonance is suppressed regard- 
less of the same electrode structure as that of the sem- 
iconductor laser. Therefore, as shown in the graph of 
emission spectrum shown in Fig. 14, acontinuous spec- 
trum output due to spontaneous emission light having 
no conspicuous oscillation mode can be obtained. The 
half-width of the emission spectrum of the SLD is nor- 
mally about 20 nm at a wavelength of 850 nm, and the 
coherence length is about 35 j±m, both of which obvi- 
ously differ from those of a semiconductor laser. 
[0073] Figs. 15 to 17 show structures for decreasing 
the reflectivity on the light emission side of the SLD. 
[0074] In Fig. 1 5, the direction of an optical waveguide 
410 coincides with the cavity direction, as in a semicon- 
ductor laser. Although the rear surface is coated with the 
reflecting film 400 having a reflectivity of about 50%, the 
light emission end face on the front surface is coated 
with the precisely controlled antireflection film 390, 
thereby decreasing the reflectivity on the light emission 
side. 

[0075] In Fig . 1 6, the light emission end face is coated 
with the antireflection film 39Q, and an oblique optical 
waveguide structure wherein an optical waveguide 411 
is inclined by an angle of about 3° to 10° with respect to 
the cavity direction is employed, as already described 
above in detail with reference to Figs. 12 and 13. With 
this structure, the reflected light beam from the light 
emission end face is prevented from being fed back to 
the optical waveguide 411, thereby decreasing the re- 
flectivity on the light emission side. 
[0076] In Fig. 17, the light emission end face is coated 
with the antireflection film 390, and a structure wherein 
an optical waveguide 412 ends midway not to reach the 
light emission end face is employed. With this structure, 
the reflected light beam from the light emission end face 
is prevented from being fed back to the optica! 
waveguide 412, thereby decreasing the reflectivity on 
the light emission side. 

[0077] As described above, the SLD has characteris- 
tics representing that its output power changes due to 



the return light beam, as in a semiconductor laser, so 
that the SLD can be used as a light source for the ap- 
paratus of this embodiment. In addition, the SLD is char- 
acterized in that noise generated due to the return light 

5 beam is as small as about 1/1 00 that of a semiconductor 
laser. For this reason, the SLD is suitable when the re- 
turn light beam reflected or scattered by the target 
measurement object is weak, or when a small change 
in return light beam is to be measured. 

10 [0078] In this embodiment, the photoconductive light- 
receiving device 160 is preferably integrally accommo- 
dated in the package of the semiconductor laser 120 or 
the SLD. With this arrangement, size reduction of the 
apparatus of this embodiment can be realized. 

15 

Second Embodiment 

[0079] Fig. 18 is a block diagram showing the ar- 
rangement of an optical feedback photodetection appa- 

20 ratus according to the second embodiment of the 
present invention. The apparatus of this embodiment Is 
used for an optical pickup apparatus used to read-ac- 
cess, e.g., an optical disk, as in the first embodiment. 
This apparatus is suitable when no backward emission 

25 light from a semiconductor laser serving as a light 
source can be obtained due to some reason. 
[0080] As shown in Fig. 18, the arrangement of the 
a pparat us of th is embodiment d iffers f rom th at of the first 
embodiment in that it comprises, in place of the optical 

30 system 140 arranged before the semiconductor laser 
120 serving as a light source and the photoconductive 
light-receiving device 160 arranged after the semicon- 
ductor laser 120, an optical system 142 arranged before 
a semiconductor laser 120, a beam splitting means 500 

35 which is arranged in the optical system 142 to split a 
forward emission light beam from the semiconductor la- 
ser 120, an optical system 510 for condensing the light 
beam emitted from the semiconductor laser 120 and 
split by the beam splittermeans 500, a pinhole plate 520 

*o for passing the light beam emitted from the semiconduc- 
tor laser 120 and condensed by the optical system 510, 
and a photoconductive light- receiving device 160 which 
receives the light beam emitted from the semiconductor 
laser 1 20 and passing through the pinhole plate 520 and 

^5 also synchronously detects the light beam emitted from 
the semiconductor laser 120 at a frequency f 0 upon ap- 
plication of a modulated voltage signal output from a 
voltage application unit 150. 

[0081] The operation of the apparatus of this embod- 

50 iment will be described below. 

[0082] As in the first embodiment, an oscillator 100 
oscillates a synchronizing signal at the frequency f 0 of, 
e.g., about 10 MHz and outputs the synchronizing signal 
to a drive signal output circuit 110 and the voltage ap- 

55 plication unit 1 50. On the basis of this synchronizing sig- 
nal, the drive signal output circuit 110 outputs a modu- 
lated drive current at the frequency f 0 to the semicon- 
ductor laser 120 while the voltage application unit 150 
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outputs a modulated voltage signal at the frequency f 0 
to the photo conductive light-receiving device 160. At 
this time, a phase adjustment circuit 1 90 delays the syn- 
chronizing signal output from the oscillator 100 to the 
voltage application unit 150, thereby adjusting the mod- 5 
ulation phase of the drive signal input to the semicon- 
ductor laser 120 and the modulation phase of the AC 
voltage signal applied to the photoconductive light-re- 
ceiving device 160. 

[0083] The semiconductor laser 120 emits a light 
beam intensity-modulated at the frequency f 0 on the ba- 
sis of the modulated drive signal from the drive signal 
output circuit 1 1 0 to irradiate an target measurement ob- 
ject 130 through the optical system 142. The irradiated 
light beam is reflected, scattered, or diffracted by the tar- 
get measurement object 130, and part of the light beam 
is condensed by the optical system 142 and fed back to 
the semiconductor laser 120. Since the semiconductor 
laser 120 has an optical amplification function by an ex- 
ternal incident light beam, the intensity of the light beam 
emitted from the semiconductor laser 120 changes due 
to the return light beam fed back from the object 130 to 
he measured. 

[0084] The forward emission light emitted from the 
semiconductor laser 120 and having an intensity varying 
due to the return light beam from the object 130 is split 
by the beam splitting means 500 arranged in the optical 
system 142 before the semiconductor laser 120, con- 
densed by the optical system 510, transmitted through 
the pinhole plate 520, and received by the photoconduc- 
tive light-receiving device 160. Simultaneously, the 
modulated voltage signal output from the voltage appli- 
cation unit 150 is applied to the photoconductive light- 
receiving device 160. 

[0085] The photoconductive light-receiving device 
160 performs intensity modulation of a photoconductive 
current generated due to the forward emission light 
beam emitted from the semiconductor laser 120 and re- 
ceived through the beam splitting means 500, the optical 
system 510, and the pinhole plate 520 with the applied 
voltage, calculates the product of the received emission 
light signal from the semiconductor laser 120 and the 
applied modulated voltage signal, and synchronously 
detects the emission light beam from the semiconductor 
laser 120 at the frequency f G . with this synchronous de- 
tection, the photoconductive currentflowing through the 
photoconductive light-receiving device 160 becomes a 
modulated current signal including a low-frequency 
component having a value corresponding to the product 
value of the modulation frequency component of the 
emission light from the light source and the modulation 
frequency component of the modulated voltage signal. 
At the same time, the frequency component other than 
the synchronous frequency f 0 is attenuated. 
[0086] A current/voltage conversion unit 170 converts 
the modulated current signal flowing through the photo- 
conductive light-receiving device 1 60 to a voltage signal 
and outputs the voltage signal to a frequency filter unit 



180. The frequency filter unit 180 extracts the low-fre- 
quency component of the voltage signal and outputs the 
low-frequency component as an output signal from the 
apparatus of this embodiment At this time, a bias reg- 
ulation unit 200 connected to the photoconductive light- 
receiving device 160 regulates the operating bias volt- 
age of the photoconductive light-receiving device 160, 
thereby compensating the input offset voltage of the cur- 
rent/voltage conversion unit 170 caused by a slight un- 
balance in operation of the photoconductive light-receiv- 
ing device 160. A DC signal component generated by 
the dark current of the photoconductive light-receiving 
device 160 or the bias light or the disturbance light from 
the semiconductor laser 120 is flattened by the current; 
voltage conversion unit 1 70 and the frequency filter unit 
180, and its average value becomes zero. Therefore, 
no DC signal component is output from the frequency 
filter unit 180. 

[0087] As described above, the apparatus of this em- 
bodiment can be used even when no backward emis- 
sion light from the semiconductor laser can be obtained. 
However, since the beam splitting means 500, the opti- 
cal system 510, and the pinhole plate 520 are arranged, 
and the emission light beam from the semiconductor la- 
ser 120 is received by the photoconductive light-receiv- 
ing device 160 through these elements, unlike the ap- 
paratus of the first embodiment, the optical system be- 
comes complex accordingly. This results in a slight In- 
crease in loss midway along the optical path and a slight 
degradation in sensitivity. Except for these disadvantag- 
es, the same effect as in the first embodiment can be 
obtained. 

[0088] The pinhole plate 520 is used to limit the de- 
tection area, so it need not be arranged when a signal 
from a wider area is to be detected. 
[0089] In addition, as described in the first embodi- 
ment, an SLD may be used in place of the semiconduc- 
tor laser 120. In this case, noise generated due to the 
return light beam becomes as small as about 1/100 that 
obtained in use of the semiconductor laser. Therefore, 
this arrangement is suitable when the return light beam 
reflected or scattered by the object 130 Is weak, or when 
a small change in return light beam is to be measured. 



[0090] Fig. 19 is a block diagram showing the ar- 
rangement of an optical feedback photodetection appa- 
ratus according to the third embodiment of the present 
invention. The apparatus of this embodiment is suitable 
for, e.g., a laser scanning confocal microscope. 
[0091] As shown in Fig. 19, the apparatus of this em- 
bodiment comprises (a) an oscillator 100 for oscillating 
a synchronizing signal at a predetermined frequency f 0 , 
(b) a drive signal output circuit 110 for outputting a drive 
signal modulated at the frequency f 0 , on the basis of the 
synchronizing signal output from the oscillator 100, (c) 
a semiconductor laser 120 which receives the modulat- 
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ed drive signal output from the drive signal output circuit 
110 to emit a light beam intensity-modulated at the fre- 
quency f 0 and has an optical amplification function by 
an external incident light beam, (d) a confocal optical 
system 143 for condensing and irradiating the light 
beam emitted from the semiconductor laser 120 on a 
predetermined abject 131 to be measured and feeding 
back the light beam reflected by the object 131 to the 
semiconductor laser 120, (e) a voltage application unit 
150 for outputting a modulated voltage signai at the fre- 
quency f 0 on the basis of the synchronizing signal output 
from the oscillator 100, (0 a photoconductive light-re- 
ceiving device 160 which is arranged after the semicon- 
ductor laser 120 to receive backward emission light from 
the semiconductor laser 120 and also synchronously 
detects the emission light beam from the semiconductor 
laser 120 at the frequency f 0 upon application of the 
modulated voltage signal outputfrom the voltage appli- 
cation unit 150, (g) a current/voltage conversion unit 170 
for converting a modulated current signal flowing 
through the photoconductive light-receiving device 160 
to a voltage signal and outputting the voltage signal, (h) 
a frequency filter unit 180 for extracting and outputting 
the low-frequency component of the voltage signal out- 
put from the current/voltage conversion unit 170, (i) an 
A/D conversion unit 600 for A/D-converting the output 
signal from the frequency filter unit 180, (j) a beam scan- 
ning unit 610 which is arranged integrally with the con- 
focal optical system 143 to two-dimensionally scan the 
emission light beam on an X-Y plane perpendicular to 
the propagation direction of the forward emission light 
from the semiconductor laser 120, (k) a beam scanning 
circuit 620 for outputting a scanning signal to the beam 
scanning unit 610, {I) an image processing unit 630 for 
receiving and storing an outputsignal AfD-converted by 
the A/D conversion unit 600 and a position signal output 
from the beam scanning circuit 620 and representing the 
two-dimensional scanning position , (m) a display device 
640 for displaying the two-dimensional distribution as a 
halftone image on the basis of the outputsignal and the 
position signal stored in the image processing unit 630, 
and <n) a phase adjustment circuit 190 arranged be- 
tween the oscillator 100 and the voltage application unit 
150 to adjust the modulation phase of the drive signai 
input to the semiconductor laser 1 20 and the modulation 
phase of the AC voltage signal applied to the photocon- 
ductive light-receiving device 160. 
[0092] The confocal optical system 143 and the beam 
scanning unit 610 are arranged as separate constituent 
elements. However, they may be integrally formed as a 
beam scanning optical system. 

[D093] As in the first embodiment, a bias regulation 
unit 200 connected to the photoconductive light-receiv- 
ing device 160 to regulate the operating bias voltage of 
the photoconductive light-receiving device 1 60 may also 
be arranged. The circuit arrangement of the main part 
of the apparatus described in the first embodiment with 
reference to Figs. 5 to 7 is also applicable to the appa- 



ratus of this embodiment. 

[0094] The operation of the apparatus of this embod- 
iment will be described below. 

[0095] The oscillator 100 oscillates a synchronizing 

5 signal at the frequency f 0 of, e.g., about 10 MHz. and 
outputs the synchronizing signal to the drive signal out- 
put circuit 110 and the voltage application unit 150. On 
the basis of the synchronizing signal output from the os- 
cillator 100, the drive signal output circuit 110 outputs a 

10 drive current modulated at the frequency f 0 to the sem- 
iconductor laser 120 serving as a light source while the 
voltage application unit 150 outputs a voltage signal 
modulated at the frequency f 0 to the photoconductive 
light-receiving device 160. The phase adjustment circuit 

15 190 arranged between the oscillator 1 00 and the voltage 
application unit 150 delays the synchronizing signal out- 
putfrom the oscillator 100 to the voltage application unit 
1 50, thereby adjusting the modulation phase of the drive 
signal input to the semiconductor laser 120 and the 

20 modulation phase of the AC voltage signal applied to 
the photoconductive light-receiving device 160. 
[0096] The semiconductor laser 120 emits a light 
beam intensity-modulated at the frequency f 0 on the ba- 
sis of the modulated drive signal from the drive signal 

25 output circuit 110 to irradiate the predetermined target 
measurement object 131 through the confocal optical 
system 143 constituted by a lens and the like. The irra- 
diation light beam is reflected and scattered by the target 
measurement object 131. The reflected and scattered 

30 light beam is condensed by the confocal optical system 
143 and fed back to the semiconductor laser 120. 
[0097] In this case, an optical isolatorfor suppressing 
the return light beam, which is required in a conventional 
laser scanning confocal microscope, is unnecessary. 

35 Since the small light emission point of the semiconduc- 
tor laser 120 serves as a pinhole for receiving the light 
beam, an ideal confocal optical system can be formed. 
Therefore, the advantages of the laserfeedback method 
can be obtained so that the depth of field can be set 

*o small to obtain a sliced screen in the direction of depth 
of the target measurement object 131, the optical sys- 
tem can be simplified, and the optical system can be 
easily adjusted. 

[0098] Simultaneously, a scanning signal is output 
^5 from the beam scanning circuit 620 to the beam scan- 
ning unit 610. On the basis of this scanning signal, the 
beam scanning unit 610 arranged integrally with the 
confocal optical system 143 two-dimensionally scans 
the emission light beam on the X-Y plane perpendicular 
so to the propagation direction of the forward emission light 
from the semiconductor laser 120. 
[0099] Therefore, the light beam reflected and scat- 
tered by the object 131 to be measured is fed back to 
the semiconductor laser 120 having an optical amplifi- 
es cation function by an external light beam for every scan- 
ning position on the X-Y plane. The intensity of the emis- 
sion light beam from the semiconductor laser 1 20 varies 
due to this return light beam. 
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[0100] The photoconductive light-receiving device 
160 arranged after the semiconductor laser 120 re- 
ceives the backward emission light beam emitted from 
the semiconductor laser 120 and having an intensity 
varying due to the return light beam from the object 131 , 
and simultaneously the modulated voltage signal output 
from the voltage application unit 150 is applied to the 
photoconductive light-receiving device 160. The photo- 
conductive light-receiving device 160 performs intensity 
modulation of a photoconductive current generated up- 
on reception of the backward emission light from the 
semiconductor laser 120 with the applied voltage, cal- 
culates the product of the received emission light signal 
from the semiconductor laser 120 and the applied mod- 
ulated voltage signal, and synchronously detects the 
backward emission light from the semiconductor laser 
120 at the frequency f 0 . 

[0101] Since a conventional laser scanning confocal 
microscope performs high-speed scanning of the X-Y 
plane, a response frequency of 10 MHz or more is re- 
quired to perform photodetection. Synchronous detec- 
tion at such a high frequency is impossible in the prior 
art. However, when an MSM photodetector having a re- 
sponse frequency of 100 GHz or more is used as the 
photoconductive light-receiving device 160, synchro- 
nous detection at a frequency of about 10 MHz can be 
easily realized. 

[0102] In this manner, the light beam emitted from the 
semiconductor laser 120 is synchronously detected by 
the photoconductive light-receiving device 160. As a re- 
sult, the photoconductive current flowing through the 
photoconductive light-receiving device 160 becomes a 
modulated current signal including a low-frequency 
component with a value corresponding to the product 
value of the modulation frequency component of the 
light beam emitted from the light source and the modu- 
lation frequency component of the modulated voltage 
signal. At the same time, the frequency component oth- 
er than the synchronous detection frequency f 0 is atten- 
uated. 

[0103] The modulated current signal flowing through 
the photoconductive light-receiving device 160 is con- 
verted to a voltage signal by the current/voltage conver- 
sion unit 170. The low-frequency component of the volt- 
age signal is extracted by the frequency filter unit 180. 
The output signal from the frequency filter unit 180 is N 
D-canverted by the A/D conversion unit 600. The DC 
signal component generated by the dark current of the 
photoconductive light-receiving device 160 or the bias 
light or the disturbance light from the semiconductor la- 
ser 120 is flattened by the current/voltage conversion 
unit170 and the frequency filter unit 180, and its average 
value becomes zero. Therefore, no DC signal compo- 
nent is output from the frequency filter unit 180. 
[0104] The image processing apparatus 630 receives 
and stores the output signal A/D-converted by the A/D 
conversion unit 600 and the position signal output from 
the beam scanning circuit 620 and representing the two- 



dimensional position on thB X-Y plane. Subsequently, 
on the basis of the output signal and the position signal 
stored in the image processing apparatus 630, the dis- 
play apparatus 640 displays the two-dimensional distri- 

s bution on the X-Y plane as a halftone image. 

[01 05] As described above, the apparatus of this em- 
bodiment needs no optical isolator for suppressing the 
return light beam. Since the small light emission point 
of the semiconductor laser 120 serves as a pinhole for 

10 receiving the light beam, the ideal confocal optical sys- 
tem 143 can be constituted. Therefore, the advantages 
of the conventional laser feedback method can be ob- 
tained so that the depth of field can be set small to obtain 
a sliced screen in the direction of depth of the object 

15 1 31 , the optical system can be simplified, and the optical 
system can be easily adjusted. 
[0106] When the light beam emitted from the semi- 
conductor laser 120 and having an intensity varying due 
to the return light beam from the object 131 is synchro- 

20 nously detected by the photoconductive light-receiving 
device 160, the frequency component other than the 
synchronous detection frequency f 0 is attenuated. At the 
same time, the DC signal component generated by the 
dark current of the photoconductive light-receiving de- 

25 vice 160 or the bias light or the disturbance light from 
the semiconductor laser 120 is flattened by the current/ 
voltage conversion unit 1 70 and the frequency filter unit 
160, and its average value becomes zero. For this rea- 
son, return light noise as a disadvantage of the conven- 

30 tional laser feedback method can be largely reduced. 
For example, when this apparatus is applied to a laser 
scanning confocal microscope, acquisition of a highly 
precise image with a high quality can be realized. 
[0107] When an MSM photodetector having a re- 

35 sponse frequency of, e.g., 100 GHz or more is used as 
the photoconductive light-receiving device 160, syn- 
chronous detection at a high response frequency of 
about 10 MHz can be achieved. Therefore, high-speed 
scanning by the laser scanning confocal microscope 

*o can be performed. 

[0108] In the apparatus of this embodiment as well, 
the same modification as that from the first embodiment 
to the second embodiment can be made. 
[0109] As described in the first embodiment, an SLD 
may be used as a light source in place of the semicon- 
ductor laser 120. In this case, noise generated due to 
the return light beam becomes as small as about 1/100 
that obtained in use of the semiconductor laser. For this 
reason, the SLD is suitable when the reflected and seat- 
so tered light beam from the object 131 is weak, or when 
a small change in return light beam is to be measured. 
In the confocal optical system 143, the small light emis- 
sion point of the SLD serves as a pinhole for receiving 
the light beam, as in the semiconductor laser 120. 

55 Therefore, an ideal confocal optical system can be con- 
stituted. 

[01 10] As in the first embodiment, to achieve size re- 
duction of the apparatus, the photoconductive light-re- 
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ceiving device 160 is preferably integrally accommodat- 
ed in the package of the semiconductor laser 120 or the 
SLD. 

[0111J The present invention is not limited to the 
above embodiments, and various changes and modifi- 
cations can also be made. For example, the present in- 
vention can be applied to an optical sensor, an optical 
fiber gyroscope, or the like. 

[0112] As has been described above in detail, accord- 
ing to an optical feedback photodetection apparatus of 
the present invention, the advantages of the convention- 
al laser feedback method are utilized so that the optical 
system can be simplified, and the optica! system can be 
easily adjusted. At the same time, by synchronously de- 
tecting a light beam emitted from the light source and 
having an intensity varying due to the return light beam 
from the target measurement object, return light noise 
as a disadvantage of the laser feedback method can be 
largely reduced. Far this reason, the influence of distur- 
bance light or the like can be largely suppressed, and 
only a signal component generated due to the return 
light beam can be detected at a high S/N ratio and a 
wide dynamic range, though the circuit arrangement is 
simple. 

[0113] when an MSM photodetector capable of per- 
forming high response is used as the photoconductive 
light-receiving device, synchronous detection at a fre- 
quency higher than that used in the conventional lock- 
in detection can be performed to realize high-frequency 
response. 

[0114] As a light source having an optical amplifica- 
tion function by an external incident light beam, a sem- 
iconductor laser or an SLD can be used. When an SLD 
is used, photodetection free from noise can be per- 
formed at a sensitivity higher than that in use of a sem- 
iconductor laser. 

[0115] From the invention this described, it will be ob- 
vious that the invention may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the scope of the invention as defined by the follow- 
ing claims. 



Claims 

1. An optical feedback photodetection apparatus, 
comprising: 

a light source (120) to emit a light beam; 
an optical system (140) for irradiating the light 
beam emitted from said light source (120) on 
an object (130) to be measured and forfeeding 
back the return light beam from said object 
(130) to said light source (120); 

characterized in that the apparatus comprises: 

an oscillator (100) for oscillating a synchroniz- 



ing signal at a predetermined frequency; 
a drive signal output unit (11 0) for outputting a 
drive signal modulated at the predetermined 
frequency on the basis of the synchronizing sig- 
5 nal output from said oscillator (1 00); 

the light source receives the drive signal output 
from said drive signal output unit (110) and 
emits the light beam intensity-modulated at the 
predetermined frequency and which has an op- 
to tical amplification function by the light fed back 
into said light source 

a voltage application unit (150) for outputting 
an AC voltage signal at the predetermined fre- 
quency on the basis of the synchronizing signal 

15 output from said oscillator (100); 

a photoconductive light-receiving device (160) 
for receiving the light beam emitted from said 
light source (120) and for synchronously de- 
tecting the light beam emitted from said light 

20 source (120) at the predetermined frequency 

upon application of the AC voltage signal output 
from said voltage application unit (150); 
a current/voltage conversion unit (1 70) for con- 
verting a modulated current flowing through 

25 said photoconductive light-receiving device 

(160) to a voltage signal and for outputting the 
voltage signal; and 

a frequency filter unit (180) for extracting and 
outputting a frequency component of the valt- 
30 age signal output from said current/voltage 

conversion unit (170), the frequency being low- 
er than the predetermined frequency. 

2. An apparatus according to claim 1 , further compris- 
es ing a phase adjustment unit (190) for adjusting a 

modulation phase of the drive signal input to said 
light source (120) and a modulation phase of the 
AC voltage signal applied to said photoconductive 
light-receiving device (160). 

40 

3. An apparatus according to claim 1 , further compris- 
ing a bias regulation unit (200) for regulating an op- 
erating bias voltage of said photoconductive light- 
receiving device (160). 

45 

4. An apparatus according to claim 1, wherein said 
light source (120) includes one of a semiconductor 
laser or a super luminescent diode. 

so 5. An apparatus according to claim 4, wherein said 
semiconductor laser (120) is operated by a drive 
current in a range smaller than a threshold current 
value thereof. 

55 6. An apparatus according to claim 1 f wherein said 
photoconductive light-receiving device (160) has 
characteristics representing that a photoconductive 
current flowing through said photoconductive light- 
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receiving device (160) exhibits a substantial odd 
function of an applied voltage within a predeter- 
mined domain including an applied voltage value of 
0 V when the intensity of the received light beam is 
constant and the applied voltage is an independent s 
variable, and the photoconductive current flowing 
through said photoconductive light-receiving device 

(160) exhibits a substantial linear function of the in- 
tensity of the received light beam within a predeter- 
mined domain of the intensity of the received light 10 
beam when the applied voltage is constant and the 
intensity of the received light beam is an independ- 
ent variable, and the voltage signal applied to said 
photoconductive light-receiving device (160) is pe- 
riodical and has a time average value of substantial is 
zero so that an amplitude exhibits a substantial 
even function of time when an origin is set at a mid- 
dle point between adjacent times where the ampli- 
tude becomes zero. 

20 

7. An apparatus according to claim 6, wherein said 
photoconductive light-receiving device (160) in- 
cludes a metal-semiconductor-metal photodetector 

(161) . 

25 

8. An apparatus according to claim 6, wherein said 
photoconductive light-receiving device (160) in- 
cludes a photodetector (161) having a semiconduc- 
tor su bstrate ( 1 6 1 a) consisting essential ly of one of 
GaAs, InP, GaP, InGaAs, HgCdTe, PbS, PbSe, 
CdS, and CdSe as a photosensitive substance. 

9. An apparatus according to claim 1, wherein the 
drive signal input to said light source (120), a mod- 
ulation frequency f 0 of the voltage signal applied to 35 
said photoconductive light-receiving device (160), 
and an object distance L from said light source (1 20) 

to said abject (130) to be measured satisfy or sub- 
stantially satisfy the following condition: 

40 

f 0 =NC/2L 



where 



N: positive integer 
C: velocity of light. 



ated on the object (130) to be measured by 
means of an optical system (140) and the return 
laser beam is fed back to the laser (120) from 
the object (130); 

characterized in that 

a synchronising signal is produced by an oscil- 
lator (100) at a predetermined frequency; 
a drive signal output unit (110) for outputting a 
drive signal is modulated at the predetermined 
frequency on the basis of the synchronizing sig- 
nal output from the oscillator (100); 
the laser receives the drive signal output from 
the drive signal output unit (110) and emits the 
laser beam Intensity-modulated at the prede- 
termined frequency and optically amplified by 
the light fed back into the laser, 
an AC voltage signal is produced at the prede- 
termined frequency on the basis of the synchro- 
nizing signal output from the oscillator (100); 
a photoconductive light-receiving device (160) 
receives the laser beam emitted from the laser 
(120) and synchronously detects the laser 
beam emitted from the laser (120) at the pre- 
determined frequency upon application of the 
AC voltage signal output; 
a modulated current flowing through the photo- 
conductive light receiving device (160) is con- 
verted to an output voltage signal; and 
the output voltage signal is filtered to extract a 
frequency component thereof, the frequency 
being lower than the predetermined frequency. 



Patentanspruche 



1 . Optische 
tung, mit 



Ruckkopplungs-Photodetektorvorrich- 



45 



einer Lichtqueile (120) zur Emission eines 
Lichtstrahls, und 

einem optischen System (140), das den von 
der Lichtqueile (120) abgegebenen Lichtstrahl 
auf ein anzumessendes Objekt (130) richtet 
und den vom Objekt (130) zuruckgeworfenen 
Rucklichtstrahl auf die Lichtqueile (120) rtick- 
koppelt, 



10. A method of measuring a characteristic or attribute 

of an object (130), in which method light emitted 50 gekennzeichnet durch 
from a laser (120) and reflected from an object (1 30) 
is caused to be Incident on the laser (1 20), and con- 
sequent changes in the lasing of the laser (120) are 
detected to enable a characteristic or attribute of the 
object (130) to be determined, wherein: 55 



the laser (120) emits a laser beam; 

the beam emitted from the laser (120) is irradi- 



einen Osziliator (1 00) zurOszlIlatlon eines Syn- 
chronsignals mit einer vorgegebenen Fre- 
quenz, 

eine Treibersignal-Ausgabeeinheit (110) zur 
Ausgabe eines Trelbersignals, das auf der Ba- 
sis des vom Osziliator (1 00) abgegebenen Syn- 
chronsignals mit der vorgegebenen Frequenz 
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moduliert ist, wobei die Uchlquelle das von der 
Treibensignal-Ausgabeeinheit (110) abgegebe- 
neTreibersignal erhalt, den mit dervorgegebe- 
nen Frequenz intensitatsmodulierten Licht- 
strahl emittiert und durch das auf die Uchtquel- 
le ruckgekappelte Licht eine optische Verstar- 
kungsfunktion aufweist, 
eine Spannungszufuhrungseinheit (150) zur 
Ausgabe eines Wechselspannungssignals mit 
der vorgegebenen Frequenz auf der Basis des 
vom Osziilator (100) abgegebenen Synchron- 
signals, 

eine photoleitfahige Lichtempfangseinrichtung 
(160) zur Aufnahme des von der Lichtqueile 
(120) abgegebenen Lichtstrahls, die den von 
der Lichtqueile (120) abgegebenen Lichtstrahl 
bei Anliegen des von der Spannungszufuh- 
rungseinheit (150) abgegebenen Wechsel- 
spannungssignals mit der vorgegebenen Fre- 
quenz synch ran erfa&t, 

eine Strom/Spannungs-Umsetzereinheit (170) 
zur Umsetzung eines durch die photoleitfahige 
Lich te mpf an gsei nrichtung (160) flieBenden 
modulierten Stroms In ein Spannungssignal 
und Ausgabe des Spannungssignals, und 
eine Frequenzfiltereinheit (180) zur Extraktion 
und Ausgabe einer Frequenzkomponente des 
von der Strom/Spannungs-Umsetzereinheit 
(170) abgegebenen Spannungssignals, deren 
Frequenz niedriger als die vorgegebene Fre- 
quenz ist. 

2. Vorrichtung nach Anspruch 1 , 
gekennzeichnet durch 

eine Phaseneinstelleinheit(190) zur Einstellung ei- 
ner Modulationsphase des der Lichtqueile (1 20) zu- 
gefuhrten Treibersignals und einer Modulations- 
phase des der photoleitfahigen Lichtempfangsein- 
richtung (160) zugefuhrten Wechselspannungssi- 
gnals. 

3. Vorrichtung nach Anspruch 1 , 
gekennzeichnet durch 

eine Vorspannungsregeleinheit (200) zur Regeiung 
einer Betriebsvorspannung der photoleitfahigen 
Lichtempfangseinrichtung (160). 

4. Vorrichtung nach Anspruch 1 , 
dadurch gekennzeichnet, daB 

die Lichtqueile (120) einen Haibleiter-Laser Oder ei- 
ne Superlumineszenzdiode umfafit. 

5. Vorrichtung nach Anspruch 4, 
dadurch gekennzeichnet, daB 

der Haibleiter-Laser (120) mit einem Treiberstrom 
in einem Bereich betrieben wird, der unter dem 
Schweilenstromwert des Halbleiter-Lasers liegt. 



6. Vorrichtung nach Anspruch 1 , 
dadurch gekennzeichnet daB 

die photoleitfahige Lichtempfangseinrichtung 

5 (180) eine Charakteristik aufweist, gemaB der 

ein durch die photoleitfahige Lichtempfangs- 
einrichtung (160) flieSender photoelektrischer 
Strom eine im wesentlichen ungeradzahlige 
Funktion einer anliegenden Spannung inner- 

10 haib eines vorgegebenen, einen anliegenden 

Spannungswert van O V einschiiefienden Be- 
reichs aufweist, wenn die intensitat des emp- 
fangenen Lichtstrahls konstant und die anlie- 
gende Spannung eine unabhangige Variable 

15 sind, 

der durch die photoleitfahige Lichtempfangs- 
einrichtung (160) flie&ende photoelektrische 
Strom eine im wesentlichen lineare Funktion 
der Intensitat des empfangenen Lichtstrahls In- 

20 nerhalb eines vorgegebenen Bereichs der In- 

tensitat des empfangenen Lichtstrahls auf- 
weist, wenn die anliegende Spannung konstant 
und die Intensitat des empfangenen Licht- 
strahls eine unabhangige Variable sind, und 

25 das der photoleitfahigen Lichtempfangseinrich- 

tung (160) zugefuhrte Spannungssignal peri- 
odisch ist und einen zeitlichen Mittelwert von 
im wesentlichen Null aufweist, so daB eine Am- 
plitude eine im wesentlichen geradzahlige Zeit- 

30 abhangigkeit aufweist, wenn ein Ursprung auf 

einen Mittelpunktzwischen benachbarten Zeit- 
punkten eingestellt ist, bei denen die Amplitude 
zu Null wird. 

35 7. Vorrichtung nach Anspruch 6, 
dadurch gekennzeichnet, daB 
die photoleitfahige Lichtempfangseinrichtung (160) 
einen Metall-Halbleiter-Metall-Photodetektor (161) 
aufweist 

40 

8. Vorrichtung nach Anspruch 6, 
dadurch gekennzeichnet, daB 
die photoleitfahige Lichtempfangseinrichtung (160) 
einen Photodetektor (161) mit einem Halbleitersub- 
45 strat (161a) aufweist, das als lichtempfindliches 
Material im wesentlichen aus GaAs, aus InP, aus 
GaP, aus InGaAs, aus HgCdTe, aus PbS, aus Pb- 
Se, aus CdS Oder aus CdSe bestehL 

so 9. Vorrichtung nach Anspruch 1 , 
dadurch gekennzeichnet, daB 
das der Lichtqueile (120) zugefuhrte Treibersignal, 
eine Modulationsfrequenz f 0 des der photoleitfahi- 
gen Lichtempfangseinrichtung (160) zugefuhrten 

55 Spannungssignals und die Objektentfemung L von 
der Lichtqueile (120) zu dem anzumessenden Ob- 
jekt (130) die folgende Gleichung erfullen oder Im 
wesentlichen erfullen: 
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f 0 = NC/2L 

wobei 

5 

N eine positive ganze Zahl und 
C die Lichtgeschwindigkeit 

bezeichnen. 

10 

10. Verfahren zur Messung einer Charakteristik oder 
Eigenschaft eines Objekls (130), bei dem von ei- 
nem Laser (120) abgegebenes und von dem Objekt 
(130) refiektiertes Lichtzum Einfallen auf den Laser 
(120) veranlafit wird und sich ergebende Anderun- 15 
gen der Schwingung des Lasers (120) erfaBt wer- 
den, urn die Bestimmung einer Charakteristik Oder 
Eigenschaft des Objekts (1 30) zu ermoglichen, wo- 
bei 

20 

der Laser (120) einen Laserstrahi emittiert und 
der vom Laser (120) abgegebene Strahl mittels 
eines optischen Systems (140) auf das anzu- 
messende Objekt (130) gerichtet und der vom 
Objekt (130) zuruckkehrende Laserstrahi auf 25 
den Laser (120) ruckgekoppelt wird, 

dadurch gekennzeichnet, da& 

ein Synchronsignal von einem Oszillator (1 00) 30 
mit einer vorgegebenen Frequenz erzeugt 
wird, 

eine Treibersignal-Ausgabeeinheit (110) zur 
Ausgabe eines Treibersignals auf der Basis 
des vom Oszillator (100) abgegebenen Syn- 35 
chronsignals mit der vorgegebenen Frequenz 
modulationsgesteuert wird, 
der Laser das von der Treibersignai-Ausgabe- 
einheit (110) abgegebene Treibersignai erhalt 
und den Laserstrahi mit der vorgegebenen Fre- *o 
quenz intensitatsmoduliert und durch das auf 
den Laser ruckgekoppelte Licht optisch ver- 
starkt emittiert 

ein Wechselspannungssignal mit der vorgege- 
benen Frequenz auf der Basis des vom Oszil- 45 
lator (100) abgegebenen Syn chronsignals er- 
zeugt wird, 

eine photoleitfahige Lichtempfangseinrichtung 
(160) den vom Laser (120) abgegebenen La- 
serstrahi aufnimmt und den vom Laser (120) so 
abgegebenen Laserstrahi bei Anliegen des zu- 
gefuhrten Wechselspannungssignals mit der 
vorgegebenen Frequenz synchron erfafit, 
ein durch die photoleitfahige Lichtempfangs- 
einrichtung (160) flie Render modulierter Strom 55 
in ein Ausgangsspannungssignal umgesetzt 
wird, und 

das Ausgangsspannungssignal gefiitert wird, 



urn eine Frequenzkomponente zu extrahieren, 
deren Frequenz niedriger als die vorgegebene 
Frequenz 1st. 

Revendications 

1 . Dispositif de photodetection a contre-reaction optn 
que, comprenant : 

une source de lumiere (120) pour emettre un 
faisceau de lumiere, 

un systeme optique (1 40) destine a faire rayon- 
ner le faisceau de lumiere emis depuis ladite 
source de lumiere (120) sur un objet (130) a 
mesureret pour renvoyer ie faisceau de lumie- 
re de retour depuis ledit objet (130) vers ladite 
source de lumiere (120), 

caracterise en ce que le dispositif 
com p rend i 

un oscillateur (100) destine a faire osciller un 
signal de synchronisation a une frequence pre- 
determinee, 

une unite de sortie de signal d'attaque (110) 
destinee a foumir en sortie un signal d'attaque 
module a la frequence predete rminee sur la ba- 
se du signal de synchronisation fourni en sortie 
depuis ledit oscillateur (100), 
la source de lumiere report ie signal d'attaque 
foumi en sortie depuis ladite unite de sortie de 
signal d'attaque (110) et emet le faisceau de lu- 
miere module en intensite a la frequence pre- 
determinee et lequei presente une fonction 
d'amplification optique par la lumiere renvoy6e 
dans ladite source de lumiere, 
une unite d'application de tension (150) desti- 
nee a foumir en sortie un signal de tension en 
courantalternatif a la frequence predeterminee 
sur la base du signal de synchronisation fourni 
en sortie depuis ledit oscillateur (100), 
un dispositif de reception de lumiere photocon- 
ducteur (160) destine a recevoir ie faisceau de 
lumiere emis depuis ladite source de lumiere 
(120) et a detecter de facon synchrone le fais- 
ceau de lumiere emis depuis ladite source de 
lumiere (120) a la frequence predeterminee 
lors de Tappiication du signal de tension en cou- 
rant aiternatif fourni en sortie depuis ladite unite 
d'appiication de tension (150), 
une unite de conversion courant/tension (170) 
destinee a convertir un courant module circu- 
lant au travers dudit dispositif de reception de 
lumiere photoconducteur(160)en un signal de 
tension et a foumir en sortie le signal de ten- 
sion, et 

une unite de flltre de frequence (180) destinee 
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a extra ire et a fournir en sortie une compos ante 
de frequence du signal de tension fa urni en sor- 
tie depuis ladite unite de conversion courant/ 
tension {1 70), la frequence etant inferieure a la 
frequence predeterminee. 

2. Dispositif selon la revendication 1, comprenant en 
outre une unite d'ajustement de phase (1 90) desti- 
nee a ajuster une phase de modulation du signal 
d'attaque applique en entree a ladite source de lu- 
miere (120) et une phase de modulation du signal 
de tension en courant alternatif applique audit dis- 
positif de reception de lumiere photoconducteur 
(160). 

3. Dispositif selon ia revendication 1, comprenant en 
outre une unite de regulation de polarisation (200) 
destinee a reguler une tension de polarisation de 
service dudit dispositif de reception de lumiere pho- 
toconducteur {160). 

4. Dispositif selon la revendication 1, dans lequel la- 
dite source de lumiere (120) comprend Tun d'un la- 
ser a semiconducteur ou d'une diode super lumi- 
nesce nte. 

5. Dispositif selon la revendication 4, dans lequel ledit 
laser a semiconducteur (120) est action ne par un 
courant d'attaque dans une plage plus petite qu'une 
vaieur de courant de seuil de celui-ci. 

6. Dispositif selon la revendication 1 , dans lequel ledit 
dispositif de reception de lumiere photoconducteur 
(160) presents descaracteristiquesindiquantqu'un 
courant de photoconduction circulant au travers du- 
dit dispositif de reception de lumiere photoconduc- 
teur (160) presente une fonction impaire importante 
d'une tension appliquee a Nnterieur d'un intervalle 
predetermine comprenant une vaieur de tension 
appliquee de 0 V lorsque fintensite du faisceau de 
lumiere recu est constante et que la tension appli- 
quee est une variable independante, et le courant 
de photoconduction circulant au travers dudit dis- 
positif de reception de lumiere photoconducteur 
(160) presente une fonction pratiquement lineaire 
de I'intensite du faisceau de lumiere recu a I'inte- 
rieur d'un intervalle predetermine de I'intensite du 
faisceau de lumiere recu lorsque la tension appli- 
quee est constante et que I'intensite du faisceau de 
lumiere recu est une variable independante, et le 
signal de tension applique audit dispositif de recep- 
tion de lumiere photoconducteur (160) est period i- 
que et presente une vaieur moyenne dans le temps 
pratiquement nulle de sorte qu'une amplitude pre- 
sente une fonction paire importante du temps lors- 
qu'une origins est etablie au point milieu entre des 
instants adjacents ou I'amplitude devient nulle. 



10. Procede de mesure d'une caracteristique ou d'un 
attributd'un objet (130), dans lequel precede, la lu- 
miere emise a partir d'un laser (120) et reflechie a 
partir d'un objet (130) est amenee a etre incidente 
sur le laser (120), et les variations qui en decoulent 
de reflet laser du laser (120) sont detectees pour 
permettre qu'une caracteristique ou un attribut de 
I'objet (130) soit determine, dans lequel : 

le laser {120} emet un faisceau laser, 
le faisceau emis a partir du laser (120) est 
rayonne sur I'objet (130) a mesurer au moyen 
d'un systeme optique (140) et le faisceau laser 
de retour est renvoye vers le laser (120) depuis 
I'objet (130), 

caracterise en ce qu'un signal de synchroni- 
sation est produit par un oscillateur (100) a une fre- 
quence predeterminee, 
5a 

une unite de sortie de signal d'attaque (110) 
destinee a fournir en sortie un signal d'attaque 
qui est module a la frequence predeterminee 
sur la base du signal de synchronisation fourni 
55 en sortie depuis l'oscillateur (100), 

le laser recoit le signal d'attaque foumi en sortie 
d epuis I'u nite de sortie de signal d'attaque (110) 
et emet le faisceau laser module en intensite a 



7. Dispositif selon la revendication 6, dans lequel ledit 
dispositif de reception de lumiere photoconducteur 
(160) comprend un photodetecteur du type metal- 
semiconducteur-metal (161). 

5 

8. Dispositif selon la revendication 6, dans lequel ledit 
dispositif de reception de lumiere photoconducteur 
(160) comprend un photodetecteur (161) compor- 
tant un substrat de semiconducteur (161a) consti- 

10 tue essentiellement de I'un de GaAs, InP, GaP, In- 
GaAs, HgCdTe, PbS, PbSe, CdS et CdSe en tant 
que substance photosensible. 

9. Dispositif selon la revendication 1, dans lequel le 
15 signal d'attaque applique en entree a ladite source 

de lumiere (120), une frequence de modulation f 0 
du signal de tension applique audit dispositif de re- 
ception de lumiere photoconducteur (160), et une 
distance a I'objet L depuis ladite source de lumiere 
20 (120) jusqu'audit objet (1 30) a mesurer satisfont ou 
satisfont pratiquement la condition suivante : 
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f 0 = N * C/2L 



N : nombre entier pasitif 
C : vitesse de la lumiere. 
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la frequence predetermines et optiquement 
amplifie par la lumiere renvoyee dans le laser, 
un signal de tension en courant alternatif est 
produit & la frequence predetermine sur la ba- 
se du sig nal de synchronisation fourni en sortie s 
depuis I'oscillateur (100), 
un dispositif de reception de lumiere photo con- 
ducteur (160) recoit le faisceau laser emis de- 
puis le laser (120) et d6tecte de facon synchro- 
ne le faisceau laser emis depuis le laser (120) 10 
a la frequence predeterminee lors de I'applica- 
tion de la sortie de signal de tension en courant 
alternatif, 

un courant moduli circulant au travers du dis- 
positif de reception de lumiere photoconduc- 15 
teur (160) est convert! en un signal de tension 
de sortie, et 

ie signal de tension de sortie est filtre pour ex- 
traine une composante de frequence de celui- 
cl, la frequence etant inferieure a la frequence 20 
predeterminee. 
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Fig. 1 
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Fig. 8 
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Fig. 9 t 
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Fig. 12 
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Fig. 15 
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